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DETECTION OF A LEPTIN RECEPTOR 
VARIAII7 ^NP METHODS FOR REGtJIATIKG OBESITY 

5 1. INTRODUCTION 

The present invention relates to a variant form of the 
receptor for the oJbese gene product. In particular, the 
invention relates to methods of detecting this receptor 
variant in cells and tissues of obese individuals. In 
addition, it relates to methods of inhibiting or down- 
regulating expression of this variant in cells to augment 
their responsiveness to weight regulation by leptin as well 
as methods of using compounds to directly activate signal 
transduction pathways associated with this ligand-receptor 
system. 

2 . BACKGROONP OF THE INVENTION 
Obesity is not only a nutritional disorder in Western 
societies, it is also a serious health concern because of its 

2Q association with adult-onset diabetes, hypertension, and 
heart disease (Grundy, 1990, Disease -a -Month 36:645-696). 
While there was evidence to suggest that body weight was 
physiologically regulated, the molecular mechanism has 
remained elusive. However, animal studies have produced 

25 several mouse strains that contain single-gene mutations, 

resulting in an obese phenotype. One such recessive mutation 
is manifested in the oh/oh mice, and it is referred to as the 
obese {oh) mutation. 

Zhang et-al. (1994, Nature 372:425-432) describe the 

30 siiid sequencing of the mouse oh gene and its human 

homolog. When an isolated gene fragment was used as a probe, 
it was shown to hybridize with RNA only in white adipose 
tissue by northern blot analysis, but no expression was 
detected in any other tissue. In addition, the coding 

25 sequence of the ob gene hybridized to all vertebrate genomic 
DNAs tested, indicating a high level of conservation of this 
molecule among vertebrates. The deduced amino acid sequences 
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are 84% identical between human and mouse and H^rn , 
contain features of secreted oroteins -lecules 

s™n^nt'or;rp::i— ^^^^^^^^^ 

(Pelley^ounter ec al . , asss, Science 2^3:540-543 11: "" 
al., a.S5, science .S^:S43-54.; Ca.pfield et al "slt 
Science 269:546-549). When the Ob protein (als. v 
leptin, was injected into grossly obese :rce ::ict°" 

10 two .u.ant copies of the .ice eihrb.ted'a" ' 

reduced appetite and began to lose weight in .1 
these studies described a dual action o^ leptLt"::: 
reducing the ani.als' food intaJce and in increasiL • 
energy expenditure. similarly, when normal r^ce"::: 
15 lept.n, they also ate less than the untreated cont^ls „o 
..portantly, Can^f^eld et al . Saleno. 269 54. s,S) 

xnoected leptin directly into lateral ventricle !nd It 
a reduction in the animals' food intake, suX^.i^gM"'^^'^ 
lept.n acts on central neuronal networks to ;egulate feedl 
20 behavior and energy balance . Thus, this resulTpro^ides 
evidence that the leptin receptor (also known l oZTl 
expressed by cells in the brain. s OB R) xs 

Recently, a leptin fusion protein was generated and 
to screen for OB-R in a ^nw* generated and used 

»e^.n=.. wHich r.v„l, . 3i„,i. ™«^r,„.- J^.^, ^L^:^^ 
sl«ri„g structural .i.il,riti., with several clas! r 
30 receptors, sue as tH. „130 >iS^>.-.rJsZ.TclloZTT 

5«,, the granulocyte-colony stimulating factor receptor 
(Pukunag. et al.,.is9o. C.11 61,341-3501 and th.T ^ • 

10.!839-284e) . Northern blot analysis aSd reverse 
«anscriptio„-poly»er... chain reaction ,RT-PCR, demonstrate 
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that OB-R mRNA is expressed in several tissues, including 
lung, kidney, total brain, choroid plexus and hypothalamus. 

The reported mouse OB-R protein contains a relatively 
short intracellular cytoplasmic domain as compared with other 
5 Class I cytokine receptors. Subsequently, when cDNA encoding 
its human homolog was isolated from a human infant brain 
library, the predicted human protein sequence contains a much 
longer intracellular domain. In view of this finding, it was 
speculated that different forms of the receptor might exist 
10 (Barinaga. 1996, Science 271:29). However, prior to the 

present invention, there was no report on the identification 
of any variant forms of the OB-R in humans or how such 
molecules, if they exist, would relate to obesity. 

Additionally, several studies have shown that ob gene 
15 expression is actually increased in obese humans (Considine 
et al., 1995. J. Clin. Invest. 95:2986-2988; Lonnquist et 
al., 1395. Nature Wed. 1:950; Hamilton et al . , 1995, Nature 
Med. 1:953). Moreover, the mutations in the mouse Ob gene 
were not detected in human mRNA'. therefore, taken 
20 collectively, these studies imply that decreased leptin 
levels are not the primary cause of obesity, and argue for 
the presence of a less responsive receptor in obese 
individuals. There remains a need to isolate such an OB-R 
variant for the design of therapeutics to augment weight 
2 5 regulation by leptin. 

3' SUMMARY OP THE INVENTIQM 
The present invention relates to a variant form of the 
human OB-R. m particular, it relates to the detection of 
30 this receptor variant in cells of obese individuals, and 
methods for treating obesity by targeting this variant. 

The invention is based, in part, upon the Applicants' 
discovery of human cDNA clones encoding a variant form of the 
OB-R. This receptor differs structurally from a reported 
35 OB-R with only three amino acid substitutions in the 

extracellular domain, but extensive diversity is observed in 
their intracellular cytoplasmic domains at the 3' end. The 

- 3 - 
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cytoplasmic domain of the variant of the invention is both 
shorter and distinct in nucleotide sequence from the 
corresponding domain of the published form of OB-R. 
Therefore, a vide variety of uses are encompassed by the 
5 present invention, including but not limited to, the 
detection of the receptor variant in cells of obese 
individuals, methods to inhibit and/or dovn-regulate the 
expression of this receptor variant, gene therapy to replace 
the receptor variant in homozygous individuals, and direct 
10 activation of downstream signal transduction pathways in 

cells expressing the receptor variant for weight regulation. 

4. BRIEF DBBCRIPTIOH OF THE DRAWINgfl 

Figure Nucleotide sequence (SEQ ID NO:l) and deduced amino 
15 lA-lE. acid sequence (SEQ ID NO: 2, 3 and 4) of the human 
OB<-R variant. The amino acid sequence diverges 
from the human OB-R reported by Tartaglia et al. 
(1995, Ceil 83:1263-1271) at nucleotide residue 
#349, #422, #764 and from residue #2770 and beyond* 

20 

5. DETAII.ED DEflCRIPTIOW OF TO INVENTIOK 

5.1. TBB Qg-R VM^IAHT 

The present invention relates to nucleic acid and amino 
acid sequences of an OB-R variant in the Class I cytokine 

25 receptor feuaily. In a specific embodiment by way of example 
in Section 6, Intra ^ this variant was cloned and 
cliaracterized* Amino acid sequence comparison of this OB-R 
variant with a published human OB-R sequence (Tartaglia et 
al., 1995, Ceil 83:1263-1271) reveals three amino acid 

30 differences in their extracellular domain and extensive 

diversity in their intracelluleu: cytoplasmic domains. More 
specifically, Figure lA-lB shows that in the variant, 
nucleotide residues #349-351 encode alanine, nucleotide 
residues #421-423 encode arginine and nucleotide residues 

35 #763-765 encode eirginine. Additionally, the variant diverges 
both in length and sequence composition from the published 
human OB-R sequence from nucleotide residue #2770 and beyond. 
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In order to clone, additional variant forms of the 
molecule, labeled DNA probes made from nucleic acid fragments 
corresponding to any portion of the cDNA disclosed herein may 
be used to screen a bDNA. library prepared from human fetal 
5 liver, human lung, human kidney, human choroid plexus and 
human hypothalamus. More specifically, oligonucleotides 
corresponding to either the 5' or 3 ' terminus of the cDNA 
sequence may be used to obtain longer nucleotide sequences. 
Briefly, the library may be plated out to yield a maximum of 
10 30,000 pfu for each 150 mm plate. Approximately 40 plates 
may be screened. The plates are incubated at 37<»C until the 
plaques reach a diameter of 0.25 mm or are just beginning to 
make contact with one another (3-8 hours). Nylon filters are 
placed onto the soft top agarose and after 60 seconds, the 
15 filters are peeled off and floated on a DNA denaturing 

solution consisting of 0.4N sodium hydroxide. The filters 
are then immersed in neutralizing solution consisting of IM 
Tris HCL, pH 7.5, before being allowed to air dry. The 
filters are prehybridized in casein hybridization buffer 
2 0 containing 10% dextran sulfate, 0 . 5M NaCl, 50mM Tris HCL, pH 
7.5, O.lV sodium pyrosphosphate , IV casein, 1% SDS, and 
denatured salmon sperm DNA at 0 . 5 mg/ml for 6 hours at 60»C. 
The radiolabelled probe is then denatured by heating to 9S'*C 
for 2 minutes and then added to the prehybridization solution 
25 containing the filters. The filters are hybridized at SO^C 
for 16 hours. The filters are then washed in iXwash mix 
(lOX wash mix contains 3M NaCl, 0.6M Tris base, and 0.02M 
EDTA) twice for 5 minutes each at room temperature, then in 
IX wash mix containing 1% SDS at 60 «C for 3 0 minutes, and 
30 finally in 0.3X wash mix containing 0.1% SDS at 60«C for 30 
minutes. The filters are then air dried and exposed to x-ray 
film for autoradiography. After developing, the film is 
aligned with the filters to select a positive plaque. If a 
single, -isolated positive plaque cannot be obtained, the agar 
35 plug containing the plaques will be removed and placed in 
lambda dilution buffer containing O.IM NaCl, O.OIM magnesium 
sulfate, 0.035M Tris HCl, pH 7.5, 0.01% gelatin. The phage 
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may then be replaced and rescreened Co obtain single, well 
isolated positive plaques. Positive plaques may be isolated 
and the cDNA clones sequenced using primers based on the 
known cDNA sequence. This step may be repeated until a full 
5 length cDNA is obtained. 

One method for identifying all 3' isoforms is to PGR 
amplify the 3' ends of the variant cDNA from a variety of 
tissues including but not limiting to, choroid plexus, 
hypothalamus, fetal liver, bone marrow, ovary, or prostate. 
10 To obtain the 3' end of the cDNA, an oligo-dT primer is used 
to synthesize the cDNA first strand. OB-R specific primers 
from the conserved region of the gene (e.g. up stream of 
nucleotide 2770) and oligo-dT are then used to amplify the 3' 
end. The PGR fragments are cloned and sequenced by standard 
15 techniques. Once obtained, these sequences may be translated 
into amino acid sequence and examined for certain landmarks 
such as continuous open reading frame, regulatory regions 
that associate with tyrosine kinase activation, and finally 
overall structural similarity to known OB-R variants. 

20 

5.2. EXPRESS ION OF THE QS*R VARIAKT* 

In accordance with the invention, the OB-R varismt 
polynucleotide sequence which encodes a protein, peptide 
fragments, fusion proteins or functional equivalents thereof, 

25 may be used to generate recombinant DNA molecules that direct 
the expression of the protein, peptide fragments, fusion 
proteins or a functional equivalent thereof, in appropriate 
host cells. Such polynucleotide sequences, as well as other 
polynucleotides which selectively hybridize to at least a 

30 part of such polynucleotides or their complements, may also 
be used in nucleic acid hybridization assays. Southern and 
Northern blot analyses, etc. 

Due to the inherent degeneracy of the genetic code, 
other DNAsequences which encode substantially the same or a 

35 functionally equivalent amino acid sequence, may be used in 
the practice of the invention for the expression of the OB-R 
variant. Such DNA sequences include those which are capable 

- 6 - 
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s h.gh cen,peratu„ for washing, for .x.„ple, o T 
derate at 42.C or m T " •■=^'>"« 

o.o,s m:;ji' roX\ ::/~,r:ja^^\'°:" - 

with th.""^ """^ -'■^o.s Which b. „,aa i„ accordane, 
r^sti.\ 'ddition. or 

substxtutxon. Of different nucleotide residues re.ultin ■ 
sequence that encorf*.* i-k -i-aues resulting m a 

= » gene product The L " ' ^""<="°nally e^ivalent 

•dditLs o -suh^rit'^ron'rlf" """^"^'^-"on,, 
0.-« variant seguen^^'^rch'r.^: T. ^V'""" 
producing a functionally e^ivalent ^rotei" such aT 

« ;=t::::"::: " - si^i^artr l 

serine three! ^"^^ ^ "P^^^-^' ^lutamine. 

rine, threonxne. tyrosine; and amino acids with non»„i 
head groups include alanine, valine, isoleuci^e leZ " 
Phenylalanine, proline, methionine, tryptophan 

order": Tj^ZTll n 

o alter the OB-R variant coding secuence = 

ends, including hut not limited to' ai:::atL: ^Hicr"^ 
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modify processing and expression of the gene product . For 
example, .mutations may be introduced using techniques which 
are well known in the art, e.g., site-directed mutagenesis, 
to insert new restriction sites, to alter glycosylation 
5 patterns, phosphorylation, etc. In addition, the 

intracellular domain may also be altered and replaced by a 
different domain, such as the OB-R intracellular domain by 
Tartaglia et al . 

In another ■ embodiment of the invention, the OB-R variant 

10 sequence may be ligated to a heterologous sequence to encode 
a fusion protein. For example, for screening of peptide 
libraries for inhibitors or stimulators of receptor activity, 
it may be useful to encode a chimeric protein expressing a 
heterologous epitope that is recognized by a commercially 

15 available antibody, A fusion protein may also be engineered 
to contain a cleavage site located between the OB-R variant 
sequence and the heterologous protein sequence, so that the 
variant may be cleaved away from the heterologous moiety. 

In an alternate embodiment of the invention, the coding 

2 0 sequence of the OB-R variant could be synthesized in whole or 
in part, using chemical methods well known in the art. (See, 
for example, Caruthers et ai . , 1980, Nuc. Acids Res. Symp. 
Ser, 7:215-233; Crea and Horn, 180, Nuc. Acids Res. 
S(10):2231; Matteucci and Caruthers, 1980, Tecrahedron 

25 Letters 21:719; and Chow and Kempe, 1981, Nuc. Acids Res. 

9 (12) :2B0'7-2B17) . Alternatively, the protein itself could be 
produced using chemical methods to synthesize OB-R variant 
amino acid sequence in whole or in part. For example, 
peptides can be synthesized by solid phase techniques, 

30 cleaved from the resin, and purified by preparative high 
performance liquid chromatography. (e.g., see Creighton, 
1983, Proteins Structures And Molecular Principles, W.H. 
Freeman and Co., N.Y. pp. 50-60) . The composition of the 
synthetid peptides may be confirmed by amino acid analysis or 

35 sequencing (e.-gr, , the Edmah degradation procedure; see 
Creighton, 1983, Proteins, Structures and Molecular 
Principles, W.H. Freeman and Co., N.Y., pp. 34-49). 
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In order to express the OB-R variant in host cells, the 
nucleotide sequence coding for the variant, or a functional 
equivalent, is inserted into an appropriate expression 
vector, i.e., a vector which contains the necessary elements 
5 for the transcription and translation of the inserted coding 
sequence. The expressed gene products as well as host cells 
or cell lines transfected or transformed with reconibinant OB- 
R variant expression vectors can be used for a variety of 
purposes. For example, host cells expressing the OB-R 
10 variant may be used to verify the ability of this molecule to 
bind leptin in a binding assay with radiolabeled, enzyme- 
conjugated or fluorescent dye -conjugated leptin. At the same 
time, the ability of the molecule to transduce an activation 
signal in host cells upon binding to leptin may be tested by 
15 assaying proliferation or phosphorylation pattern of kinases 
in the cells. in addition, genetically-engineered host cells 
can be used to screen for and select agonist and antagonist 
compounds, including any inhibitors that would interfere with 
binding of leptin to the extracellular domain of the OB-R 
20 variant. In that connection, such host cells may be used to 
screen for and select small molecules that can supplement the 
incomplete signal transduced by the OB-R variant following 
leptin binding. Other uses, include, but are not limited to 
generating antibodies (i.e., monoclonal or polyclonal) that 
25 competitively inhibit activity of an OB-R variant, neutralize 
its activity, or even enhances it activity. Antibodies may 
be used in detecting and quantifying expression of OB-R 
levels in cells and tissues. 

3° 5.3. USES OP THE OB-R VARIANT POLYNngI.EQTT l?g 

The OB-R variant polynucleotide may be used for 
diagnostic and/or therapeutic purposes. For diagnostic 
purposes, the OB-R variant polynucleotide may be used to 
detect gene expression or aberrant gene expression in obese 
35 individuals as well as in normal individuals to identify 
predisposition for obesity. Included in the scope of the 
invention are oligonucleotide sequences, that include 
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antisense RNA and DNA molecules, ribozymes and triplex DNA, 
that function to inhibit translation of OB-R variant. 

5-3.1. DIAGNOSTIC USES OF OB-R VARIANT POLYNPCLEQTTnff 
5 The OB-R variant polynucleotide may have a number of 

uses for the diagnosis of the possible causes underlying 
obesity, resulting from expression of the receptor variant. 
For example, the OB-R variant cytoplasmic domain DNA sequence 
may be used in hybridization assays of biopsies or autopsies 

10 to diagnose OB-R variant expression; e.g.. Southern or 

Northern analysis, including in situ hybridization assays as 
well as PCR. Such techniques are well )cnown in the art, and 
are in fact the basis of many commercially available 
diagnostic kits. For PCR detection, primers may be designed 

15 from a conserved region of the coding sequence and within the 
3' region of OB-R variant. The tissues suitable for such 
analysis include but are not limited to, hypothalamus, 
choroid plexus, adipose tissues, lung, prostate, ovary, small 
intestine, bone marrow and peripheral blood mononuclear 

20 cells. 

5,3.2. THERAPEUTIC TJSES OF THE OB-R VARIANT 
POLYNITCLEOTIDE 

The OB-R variant polynucleotide may be useful in the 

25 treatment of various abnormal obese conditions. By 

introducing gene sequences into cells, gene therapy can be 

used to treat conditions in which the cells do not respond to 

leptin normally due to expression of the OB-R variant. In 

some instances, the polynucleotide encoding a functional OB-R 

is intended to replace or act in the place of the 

functionally deficient OB-R variant gene. Alternatively, 

abnormal conditions characterized by expression of two copies 

of the OB-R variant can be treated using the gene therapy 

techniques described below. 

25 Non-responsiveness to normal levels of leptin is an 

important cause of obesity. This may result from a 

functionally defective receptor that does not transduce 
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competent signals upon-ligand binding. Recombinant gene 
therapy vectors, such as viral vectors, may be engineered to 
express signalling competent forms of OB-R which may be used 
to augment the non-responsiveness of the naturally occurring 
5 OB-R variant. A signalling competent form may be, for 
example, a protein with the same extracellular domain and • 
transmembrane region, but containing all or part of its 
normal signal transduction domain, such as that described by 
Tarcaglia et al . (1995, Cell 83:1263-1271). Thus recombinant 
10 gene therapy vectors may be used therapeutically for 

treatment of obesity resulting from expression or activity of 
the OB-R variant. Accordingly, the invention provides a 
method of augmenting signal transduction by an endogenous OB- 
R variant in a cell comprising delivering a DNA molecule 
15 encoding a signalling competent form of the OB-R to the cell 
so that the signalling competent protein is produced in the 
cell and competes with the endogenous defective OB-R variant 
for access to molecules in the signalling pathway which does 
not activate or are not activated by the endogenous natural 
20 defective receptor/ Additionally, since dimerization of a 
functional receptor with a defective variant may occur in 
cells of heterozygous individuals, small molecules may be 
used to inhibit such pairing, thereby increasing the number 
of functional dimeric receptors for proper signalling in 
25 response to leptin. 

In contrast, overexpression of either leptin or a 
competent OB-R may result in a clinical anorexic- like 
syndrome due to a loss of appetite or hypermetabolic 
activity. In such cases, the OB-R variant of the invention 
30 may be introduced into cells with functional receptors to 
cause a decrease in the number of functional receptors or to 
compete with such receptors for leptin binding. 

Expression vectors derived from viruses such as 
retroviruses, vaccinia virus, adeno-associated virus, herpes 
35 viruses, or bovine papilloma virus, may be used for delivery 
of recombinant functional OB-R into the targeted cell 
population. Methods which are well Jcnown to those skilled in 
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the arc can be used to -construct recombinant viral vectors 
containing an OB-R polynucleotide sequence. See, for 
example, the techniques described in Sambrook et ai . , 1989, 
Molecular Cloning A Laboratory Manual, Cold Spring Harbor 
5 Laboratory, N.Y. and Ausubel ec ai . , 1989, Current Protocols 
in Molecular Biology, Greene Publishing Associates and Wiley 
Interscience, N.Y. Alternatively, recombinant OB-R molecules 
can be reconstituted into liposomes for delivery to target 
cells. 

10 Oligonucleotide sequences including anti-sense RNA and 

DMA molecules and ribozymes that function to inhibit the 
translation of the OB-R variant mRNA are within the scope of 
the invention. Anti-sense RNA and DNA molecules act to 
directly block the translation of mRNA by binding to targeted 

15 mRNA and preventing protein translation. In regard to 
antisense DNA, oligodeoxyribonucleo tides derived from the 
OB-R variant nucleotide sequence at nucleotide #2771 and 
beyond, are preferred. 

Ribozymes are enzymatic RNA molecules capable of 

2 0 catalyzing the specific cleavage of RNA. The mechanism of 
ribozyme action involves sequence specific hybridization of 
the ribozyme molecule to complementary target RNA, followed 
by endonucleolytic cleavage. Within the scope of the 
invention are engineered hammerhead motif ribozyme molecules 

25 that SE>ecif ically and efficiently catalyze endonucleolytic 
cleavage of OB-R variant RNA sequences. 

Specific ribozyme cleavage sites within any potential 
RNA target are initially identified by scanning the target 
molecule for ribozyme cleavage sites which include the 

30 following sequences, GUA, GUU and GUC. Once identified, 
short RNA sequences of between 15 and 20 ribonucleotides 
corresponding to the region of the target gene containing the 
cleavage site may be evaluated for predicted structural 
features such as secondary structure that may render the 

35 oligonucleotide sequence unsuitable. The suitability of 
candidate targets may also be evaluated by testing their 
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accessibility to hybridization with complementary 
oligonucleotides, using ribonuclease protection assays 

Oligodeoxyribonucleotides can form sequence-specific 
cr.ple helices by hydrogen bonding to specific complementary 
5 sequences in duplexed DNA. Interest in triple helices has 
focused on the potential biological and therapeutic 
applications of these structures. Formation of specific 
cr.ple helices may selectively inhibit the replication and/or 

10 °^ ^«^-«<^ ^enes by prohibiting the specific 

10 banding of functional trans-acting factors 

shoulfK^^T' '° "'"^ '^""P"" formation 

Should be single stranded and composed of deoxynucleotides 
The base composition of these oligonucleotides must be 
designed to promote triple helix formation via Hoogsteen base - 
15 pairing rules, which generally require sizeable stretches " 
either purines or pyrimidines to be present on one strand of 
Ih I Oligonucleotide sequences may be pyrimidine -based, 

. which will result in TAT and CGC triplets across the three 

associated strands of the resuLtr.ny triple helix. The 
20 pyrimidine-rich oligonucleotides provide base complementarity 

parallel orientation to that strand. in addition 
oligonucleotides may be chosen that are purine-rich, for 
example, containing a stretch of G residues. These 
25 Oligonucleotides will form a triple helix with a DNA duplex 
that is rich in GC pairs, i„ which the majority of the purine 
residues are located on a single strand of the targeted 

" the t^;nr"'!t"^ in 
30 be . r '^^''"^^^'-^-^y- potential sequences that can 

30 be targeted for triple helix formation may be increased by 
creating a so called -switchback" oligonucleotide 
switchback Oligonucleotides are synthesized in an alternating 

strand L J^^'' '^"^ "^^^ ^i"^ one 

strand of a duplex and then the o.ther. eliminating the 

35 necessity for a sizeable stretch of either purines or 

pyrimidines to be present on one strand of a duplex 
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Both anti -sense RNA and DNA molecules and ribozyrres of 
the invention may be prepared by any method known in the art 
for the synthesis of RfJA molecules. These include techniques 
for chemically synthesizing oligodeoxyribonucleotides well 
5 known in the art such as solid phase phosphoramidite chemical 
synthesis. Alternatively, RNA molecules may be generated by 
in vitro and in vivo transcription of DNA sequences encoding 
the antisense RNA molecule. Such DNA sequences may be 
incorporated into a wide variety of vectors which incorporate 
10 suitable RNA polymerase promoters such as the T7 or SP6 
polymerase promoters. Alternatively, antisense cDNA 
constructs that synthesize antisense RNA constitutively or 
inducibly, depending on the promoter used, can be introduced 
stably into cell lines. 
15 Various modifications to the DNA molecules may be 

introduced as a means of increasing intracellular stability 
and half -life. Possible modifications include but are not 
limited to the addition of flanking sequences of ribo- or 
deoxy- nucleotides to the 5' and/or 3' ends of the molecule 
2 0 or the use of phosphorothioate or 2' 0-methyl rather than 
phosphodiesterase linkages within the oligodeoxyribonucleo- 
tide backbone. 

5.4. ACTIVATI ON OF TYROSINE KINASE PATHWAYS IN OBESTTV 
5 Many known class I cytokine receptors initiate cell 

signaling via Janus kinases (JAKs) (Ihle, 1995, Nature 
377:591-594; Heldin, 1995, Cell 80:213-223; Kishimoto et al, 
1994, Cell 76:253-62; Ziemiecki et al, 1994, Trends Cell. 
Biol, 4:207-212). JAKl-3 have been shown to bind to conserved 
0 sequences termed boxl and box2 (Fukunaga et al . , 1991, EMBO 
J. 10:2855-65; Murakami, 1991, Proc, Nad. Acad. Sex. USA 
88:11349-53). Ligand binding induces a homo- or 
hetero-dimerization of receptor chains which activates, by 
phosphorylation, the JAKs. The activated JAKs, in turn, 
5 phosphorylate members of the STAT family (Heldin, 1995, Cell 
80:213-223; Kishiraoto et al . , Blood 86:1243-54; Darnell et 
al., 1994, Science 264:1415-21; Zhong et al, 1994, Proc, 



- 14 - 



wo 97/26523 



PCT/US97y0088l 



Natl. Acad. Sci. USA 91:4306-10; Hou et al . , 1994, Science 
265:1701-6). These phosphorylated STATs ulcimately 
translocate to the nucleus, form transcription complexes, and 
regulate gene expression. Both boxl and box2 are required 
5 for complete signaling in certain systems. (Fukunaga et al . , 
1991, EMBO J. 10:2855-65; Murakami, 1991, Proc . Natl. Acad. 
Sci. USA 88:11349-53). The OB-R variant disclosed herein has 
a typical boxl (from nucleotide #2707-2730) that contains the 
critical xWxxxPxP amino acid sequence, but it does not 
10 contain an obvious box2 nor further downstream sequences that 
are important for normal receptor activation. Therefore, it 
is possible to use compounds that activate JAKs to directly 
activate these pathways for weight regulation without 
triggering the OB-R. 



15 



^- EXAMPLE* MQLECTn. AR CLOlfTNG OF AN OB-R ^/^ ^f.f^r 
A number of cDNA clones were isolated from a human fetal 
liver cDNA library (Cloncech, Palo Alto, CA) , and the DNA 
sequences of several of these clones were determined. These 
20 clones (designated as Hu-Bl,219 #4, #33, #34, #i, #d) 

contained overlapping sequences, which were then compiled 
into a contiguous nucleotide sequence (Figure lA-lE) . When 
the deduced amino acid sequence of one such sequence was 
compared with the sequence of a recently published human 
25 GB-R, they were shown to be nearly identical in the 

extracellular domains with. the exception of three amino 
acids, whereas there existed extensive diversity in their 
intracellular cytoplasmic domains at the 3' end. The 
predicted protein sequence contains two FN III domains, each 
30 containing a «WS box", which are characteristic of genes of 
the Class I cytokine receptor family. Therefore, the cDNA 
disclosed herein encodes an OB-R variant. 

When various human tissue RNA were probed with a 
fragment" of this OB-R variant by Northern blot analysis, 
3 5 expression of -this molecule was detected in heart, placenta, 
lung, liver, muscle, pancreas, prostate, ovary, small 
intestine and brain. 
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Based on the sequence presented in Figure lA-lE. the 
translation initiation site appears at position #97., The 
sequence encodes an open reading frame up to and including 
nucleotide #2814, It is believed that the sequence between 
5 nucleotides #2629 and #2682 encodes a transmembrane domain. 
The complete sequence encodes a protein of 906 amino acids. 

The sequence of the OB-R variant is identical to the 
sequence of human OB-R reported by Tartaglia (19 95, Celi 
83:1263-1271) in the transmembrane region and a portion of 

10 the intracellular domain up to and including nucleotide 

#2769, then they diverge at nucleotide #2770 and beyond. In 
addition, the product of this cDNA is substantially shorter 
in its intracellular domain than the published human 03-R. 
These two forms of OB-R may derive from a common precursor 

15 mRNA by an alternative splicing mechanism. The sequence in 
this region is consistent with well known splice junctions. 

7. DEPOSIT OP MICROORGANISMS 
The following organisms were deposited with the American 
20 Type Culture Collection (ATCC) , 12301 Parklawn Drive, 
Rockville, Maryland 20852. 
gcr^^n pesiqnat;j,Qn ftc:ge??igp ^Q. 

75885 
75886 
75888 
75889 
75974 

The present invention is not to be limited in scope by 
the exemplified embodiments, which are intended as 

3 0 illustrations of individual aspects of the invention. 

Indeed, various modifications for the invention in addition 
to those shown and described herein will become apparent to 
those skilled in the art from the foregoing description and 
accompanying drawings. Such modifications are intended to 

35 fall within the scope of the appended claims. 

All publications cited herein are incorporated by 
reference in their entirety. 



HuBl.219, #1 

HuBl.219, #4 

HuBl.219, #33 

HuBl.21-9, #34 

HuBl.219, #8 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 



(i) APPLICANT: Snodgrass, H. 

Cioff Joseph 
Zupancia, Thomas 
Shafer. Alan 

(ii) TITLE OF INVENTION: DETECTION OF A LEPTIN RECEPTOR VARIANT 
AND METHODS FOR REGULATING OBESITY 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCS ADDRESS: 

(A) ADDRESSEE: Pennie & Edmonds 

(B) STREET: 1155 Avenue of the Americas 

(C) CITY: Nev York 

(D) STATE: New York 

(E) COUNTRY: US 

(F) ZIP: 10036-2711 



(V) COMPUTER READABLE FORW: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version «1.30 

fvi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/589.526 

(B) FILING DATE: 18-JAN-1996 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Poisaaat, Brian M. 

(B) REGISTRATION NUMBER: 28,462 

CO REFERENCE/DOCKET NX»tBER: 8907-030 

(ix) TELECOMMUNICATION INFORMATION: 
<A) TELEPHONE: (212) 790-9090 ' 

(B) TELEFAX: (212) 869-9741 
(CJ TELEX: 66141 PENNIE 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 2880 base pairs 
CB) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECOT-E TYPE: DNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 1. .2880 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 



48 



III f S?^ ^ ^ ^ <5CG CCC ATC TCT GCC 

Ala Arg Ala Thr Gin Val Pro Olu Pro Arg Pro Ala Pro He Ser Ala 

^ . 5 . 10 IS 

TTC GOT CGA GTT GGA CCC CCG GAT CAA GGT GTA CTT CTC TGA AGT AAG 96 
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Phe Gly Arg Val- Gly Pro Pro Asp Gin Gly val L«u Leu * Ser Lys 



30 



ATG ATT TGT CAA AAA TTC TGT GTG GTT TTG TTA CAT TGG GAA TTT ATT 
Met lie Cys Gin Lys Phe Cys Val Val Leu I^u His T?? ^ 

J5 40 



45 



125 



144 



TAT GTG ATA ACT GCG TTT AAC TTG TCA TAT CCA ATT ACT CCT TGG AGA 
Tyr val He Thr Ala Phe Asn Leu Ser Tyr Pro lie Thr Pro Trp Arg 

TTT AAG TTG TCT TGC ATG CCA CCA AAT TCA ACC TAT GAC TAC TTC CTT 
Phe Lya Leu Ser Cys Met Pro Pro Asn Ser Thr Tyr ABp Tyr Plie lII^ 

70 75 80 

TTG CCT GCT GGA CTC TCA AAG AAT ACT TCA AAT TCG AAT GGA CAT TAT 
Leu Pro Ala Gly Leu Ser Lys Asn Thr Ser Asn Ser Asn Gly His 
8S 90 95 

GAG ACA GCT GTT GAA CCT AAG TTT AAT TCA AGT GGT ACT CAC TTT TCT 
Glu Thr Ala y.l Glu Pro Lys Phe Asn Ser 7^ ^ t" Sts I" 

105 110 

AAC TTA TCC AAA GCA ACT TTC CAC TCT TGC TTT CGG AGT GAG CAA GAT 384 
Asn Leu ser Lys Ala Thr Phe His Cys Cys Phe Arg Ser Glu Gin Asp 
lis 120 *^ 



192 



240 



288 



336 



432 



480 



576 



S24 



AGA AAC TCC TCC TTA TGT GCA GAC AAC ATT GAA GGA AGG ACA TTT GTT 
Arg Asn Cys Ser Leu Cys Ala Asp Asn He Glu Gly Arg Thr Phe Val 

135 140 

l^t SI^ TCT TTA GTT TTT CAA CAA ATA GAT GCA AAC TGG AAC 

ser Thr Val Asn Ser Leu Val Phe Gin Gin He Asp Ala Asn Trp A*n 
' ^50 iss j^go 

He ^Sf ?™ f^^ ^ ™ ^ *TC TGT TAT GTG 528 

He Gin Cys Trp Leu Lys Gly Asp Leu Lys Leu Phe He Cys Tyr Val 
165 170 175 

GAG TCA TTA TTT AAG AAT CTA TTC AGG AAT TAT AAC TAT AAG CTC CAT 
Glu Ser Leu Phe Lys Asn Leu Phe Arg Asn Tyr Asn Tyr Lys Val His 

185 190 

^ ^ ^ ™ TCA CCT CTG GTT CCC 

Leu Leu Tyr Val Leu Pro Glu Val Leu Glu Asp Ser Pro Leu Val Pro 
195 200 205 

^ ^5 IT* ^™ ^" ^ AAT TCC AGT GTT CAT GAA 672 

Gin Lys Gly Ser Phe Gin Met Val His Cys Asn Cys Ser Val His Glu 
It 215 220 

rvI ^SI I?^ f" Jf? CCT GTO CCA ACA GCC AAA CTC AAC GAC ACT 

cys cys Glu Cys Leu Val Pro Val Pro Thr Ala Lys Leu Asn Asp Thr 
230 235 240 

^« flf. TCT TTC AAA ATC ACA TCT GGT GGA GTA ATT TTC CGG TCA 

Leu Leu Met Cys Leu Lys He Thr Ser Gly Gly Val He Phe Arg Ser 
2^5 2S0 255 

CCT CTA ATG TCA GTT CAG. CCA ATA AAT ATC GTC AAG CCT GAT CCA CCA 816 
Pro Leu Met Ser Val Gin Pro He Asn Met Val Lys Pro Asp Pro Pro 
260 265 270 

Ut G?3 f^^ 2^* ^7^ GAT GGT AAT TTA AAG ATT TCT 864 

Leu Gly Leu His Met Glu He Thr Asp Asp Gly Asn Leu Lys He Ser 
275 280 285 



720 



768 
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?^ Ser P^^'p^ T"" J!''^ TTT CCA CTT CAA TAT CAA GTG AAA 

^ ttl " l^e^ Gin Tyr Glr. Val Lys 

290 295 300 

TAT TCA GAG AAT TCT ACA ACA GTT ATC AGA GAA GCT GAC AAG ATT GTC 
Tyr Ser Glu Asn Ser Thr Thr Val He Arg Glu Ala Asp Lys lie Val 
310 

l^^ ^'^^ ^ ACT ATA CTT. CCT GGG TCT TCG TAT 

Ser Ala Thr Ser Leu Leu Val Asp Ser He Leu Pro Gly Ser Ser Tyr 
325 330 335 

ilu SIT S*^? 2?^ ^ era GAT GGC CCA GGA ATC TGG AGT 

Glu Val Gin Val Arg Gly Lys Arg Leu Asp Gly Pro Gly He Trp Ser 
340 350 

GAC TGG AGT ACT CCT CGT .GTC TTT ACC ACA CAA GAT GTC ATA TAC TTT 
ASP Trp ser Thr Pro Arg Val Phe Thr Thr ^ J^p VaJ He Sr ^ 
355 3g0 365 

CCA CCT AAA Ap CTG ACA AGT GTT GGG TCT AAT GTT TCT TTT CAC TGC 
Pro Pro Lys He Leu Thr Scr Val Gly Ser Asn Val sir Phe His ^s 

375 380 

iTf ^ AAC AAG ATT OTT CCC TCA AAA GAG ATT GTT TGG 

He Tyr Lys Lys Glu Asn Lys He Val Pro Ser Lys Glu He Val Trp 
390 395 400 

?™ M« ff^ AAA ATT CCT CAA AGC CAC TAT GAT GTT GTG 

Trp Met Aan Leu Ala Glu Lys He Pro Gin Ser Gin Tyr Asp Val Val 

415 

ter So KlI vH ^^ ^ ST ""^^ TTT TTC AAT CTC AAT GAA ACC AAA 
Ser Asp His Val Ser Lys Val Thr Phe Phe Asn Leu Asn Glu Thr Lys 

425 430 

CCT CGA GGA AAG TTT ACC TAT GAT GCA GTG TAC TGC TGC AAT Gaa ra-r 
pro Arg Gly ty, Phe Thr Tyr Asp Al. Ss ?S l?S SI 

435 440 

GAA TGC CAT CAT CGC TAT GCT GAA TTA TAT GTG ATT GAT GTC AAT ATC 
Glu Cys His Has Arg Tyr Ala Glu Leu Tyr Val He Asp vll 72n lie 

455 4€0 

^n He ser Cvl f""" ^ ™ ^ ACT TGC ACA 

ABn He Ser Cys Glu Thr Asp Gly Tyr Leu Thr Lys Met Thr Cys Arg 

475 480 

^ ler T^r Ser t?f I*""" CTT GCG GAA AGC ACT TTG CAA TTC 1488 

Trp ser Thr Ser Thr He Gin Ser Leu Ala Glu Ser Thr Leu Gin Leu 
485 490 495 

"J ser cfS ^ <SAT ATT CCA TCT ATT CAT 

Arg Tyr His Arg Ser Ser Leu Tyr Cys Ser Asp He Pro Ser He His 

505 510 

Pro He I« G^ AAA GAT TGC TAT TTG CAG ACT GAT GGT TTT TAT 

Pro He Ser Glu Pro Lys Asp Cys Tyr Leu Gin Ser Asp Gly Phe Tyr 

520 525 

^ l" Se P« ™ ^ A™ ™<= 

^® Gly Tyr Thr Met Trp 

535 540 

iH He Sto I" ^ "^^^ CCA CCA ACA TGT 

He Arg He Asn Hxs Ser Leu Gly Ser Leu Asp Scr Pro Pro Thr Cys 
550 555 5|^j 



912 



960 



1008 



loss 



1104 



1152 



1200 



1248 



1296 



1344 



1392 



1440 



1536 



1584 



1632 



1680 
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GTC CT7 CC7 GAT-TCT GTG GTG AAG CCA CTG CCT CCA TCC AGT GTG AAA 172 8 

Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro Ser Ser Val Lys 
565. 570 575 

CGA GAA ATT ACT ATA AAC ATT GGA TTA TTG AAA ATA TCT TGG GAA AAG ^ 177 6 
Arg Glu lie Thr lie Asn He Gly Leu Leu Lys He Ser Trp Glu Lys 
580 585 590 

CCA GTC TTT CCA GAG AAT AAC CTT CAA TTC CAG ATT CGC TAT GGT TTA 1824 
Pro Val Phe Pro Glu Asn Aan Leu Gin Phe Gin He Arg Tyr Gly Leu 
595 600 60S 

AGT GGA AAA GAA GTA CAA TGO AAG ATG TAT GAG GTT TAT GAT CGA AAA 1872 
Ser Gly Lys Glu Val Gin Trp Lys Met Tyr Glu Val Tyr Asp Arg Lys 
610 615 620 

TCA AAA TCT GTC AGT CTC CCA GTT CCA GAC TTG TGT GCA GTC TAT GCT 1920 
Ser Lys Ser Val Ser Leu Pro Val Pro Asp Leu Cys Ala Val Tyr Ala 
625 630 635 640 

GTT CAG GTG CGC TGT AAG ACQ CTA GAT GGA CTG GGA TAT TGG AGT AAT 1968 
val Gin Val Arg Cys Lys Arg Leu Asp Gly Leu Gly Tyr Trp Ser Asn 
645 650 655 

TGG AGC AAT CCA GCC TAC ACA GTT GTC ATG GAT ATA AAA GTT CCT ATG 2016. 
Trp Ser Asn Pro Ala Tyr Thr Val Val Met Asp He Lys Val Pro Met 
660 665 670 

AGA GGA CCT GAA TTT TGG AGA ATA ATT AAT GGA GAT ACT ATG AAA AAG 2064 
Arg Gly Pro Glu Phe Trp Arg He He Asn Gly Asp Thr Met Lys Lys 
675 680 6BS 

GAG AAA AAT GTC ACT TTA CTT TGG AAG CCC CTG ATG AAA AAT GAC TCA 2112 
Glu Lys Asn Val Thr Leu Leu Trp Lys Pro Leu Met Lys Asn Asp Ser 
690 695 700 

TTG TGC AGT GTT CAG AGA TAT GTG ATA AAC CAT CAT ACT TCC TGC AAT 2160 
Leu Cys Ser Val Gin Arg Tyr Val He Asn His His Thr Ser Cys Asn 
70S 710 715 720 

GGA ACA TGG TCA GAA GAT GTG GGA AAT CAC ACG AAA TTC ACT TTC CTG 2208 
Gly Thr Tro Ser Glu Asp Val Gly Asn His Thr Lys Phe Thr Phe Leu 
725 730 735 

TGG ACA GAG CAA GCA CAT ACT GTT ACG GTT CTG GCC ATC AAT TCA ATT 22 56 

Trp Thr Glu Gin Ala His Thr Val Thr Val Leu Ala He Asn Ser He 
740 745 750 

GGT GCT TCT GTT GCA AAT TTT AAT TTA ACC TTT TCA TGG CCT ATG AGC 2304 
Gly Ala Ser Val Ala Asn Phe Asn Leu Thr Phe Ser Trp Pro Met Ser 
755 760 765 

AAA GTA AAT ATC GTG CAG TCA CTC AGT GCT TAT CCT TTA AAC AGC AGT 2352 
Lys Val Asn He Val Gin Ser Leu Ser Ala Tyr Pro Leu Asn Ser Ser 
770 775 780 

TGT GTG ATT GTT TCC TGO ATA CTA TCA CCC AGT GAT TAC AftG CTA ATG 2400 
Cys val He Val Ser Trp He Leu Ser Pro Ser Asp Tyr Lys Leu Met 
785 790 795 800 

TAT TTT ATT ATT GAG TGG AAA AAT CTT AAT CAA GAT GGT GAA ATA AAA 2448 
Tyr Phe He He Glu Trp Lys Asn Leu Asn Glu Asp Gly Glu He Lys 
805 810 615 

TGG CTT AGA ATC TCT TCA TCT GTT AAG AAG TAT TAT ATC CAT GAT CAT 2496 
Trp Leu Arg He Ser Ser Ser Val Lys Lys Tyr Tyr He His Asp His 
820 825 830 
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nr ATC CCC ATT gag AAG TAC CAG TTC AGT CTT TAC CCA ATA TTT ATG 2 54 4 

Phe lie Pro He Glu Lys Tyr Gin Phe Ser Leu Tyr Pro He Phe Mec 
835 840 845 

GAA GGA GTG GGA AAA CCA AAG ATA ATT AAT AGT TTC ACT CAA GAT GAT 2 5 92 

Glu Gly Val Gly Lys Pro Lys He He Asn Ser Phe Thr Gin Asp Asp 
aSO 855 860 

ATT GAA AAA CAC CAG AGT GAT GCA GGT TTA TAT GTA ATT GTG CCA GTA 264 0 

He Glu Lys His Gin Ser Asp Ala Gly Leu Tyr Val He Val Pro Val 
865 870 875 880 

ATT ATT TCC TCT TCC ATC TTA TTO CTT GGA ACA TTA TTA ATA TCA CAC 268 8 

He He Ser Ser Ser He Leu Leu Leu Gly Thr Leu Leu He Ser His 
885 890 895 

CAA AGA ATG AAA AAG CTA TTT TGG GAA GAT GTT CCG AAC CCC AAG AAT 2736 
Gin Arg Met Lys Lys Leu Phe Trp Glu Asp Val Pro Aan Pro Lys Asn 
900 905 910 

TGT TCC TGG GCA CAA GGA CCT AAT TTT CAG AAG AAA ATG CCT GGC ACA 2784 
Cys Ser- Trp Ala Gin Gly Pro Asn Phe Gin Lys Lys Met Pro Gly Thr 
915 920 925 

AAG GAA CTA CTG GGT GGA GGT TGG TTG ACT TAG GAA ATG CTT GTG AAG 2832 
Lys Glu Leu Leu Gly Gly Gly Trp Leu Thr * Glu Met Leu Val Lys 
930 940 

CTA CGT CCT ACC TCG TGC GCA CCT GCT CTC CCT GAG GTG TGC ACA ATG 2880 
Leu Arg Pro Thr Ser Cys Ala Pro Ala Leu Pro Glu Val Cys Thr Met 
950 955 960 

(2) INFORMATION POR SEQ ID NO: 2: 

Ci) SEQUENCE CHARACTERISTICS: 

< A) LENGTH: 29 amino acids 
(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECUL£ TYPE: protein 

(Xi> SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ala Arg Ala Thr Gin Val Pro Glu Pro Arg Pro Ala Pro He Ser Ala 

^ .5 10 IS 

Phe Gly Arg Val Gly Pro Pro Asp Gin Gly Val Leu L«u 
20 25 

(2)^ INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 908 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Ser Lys Met He Cys Gin Lys Phe Cys Val Val Leu Leu His Trp Glu 
^ 5 . 10 15 

Phe He Tyr VaX He Thr Ala Phe Asn Leu Ser Tyr Pro He Thr Pro 
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20 - 25 30 

Trp Arg Phe Lys Leu Ser Cys Met Pro Pro Asn Ser thr Tyr Asp Tyr 
35 40 ■ 45 • 

Phe Leu Leu Pro Ala Gly Leu Ser Lys Asn Thr Ser Asn Ser Asn Gly 
50 55 ^ 60 

His Tyr Glu Thr Ala Val Glu Pro Lys Phe Asn Ser Ser Gly Thr His 
65 70 75 80 

Phe Ser Asn Leu Ser Lys Ala Thr Phe His Cys Cys Phe Arg Ser Glu 
85 90 95 

Gin Asp Arg Asn Cys Ser Leu Cys Ala Asp Asn lie Glu Gly Arg Thr 
100 105 110 

Phe Val Ser Thr Val Asn Ser Leu Val Phe Gin Gin He Asp Ala Asn 
115 120 125 

Trp Asn Zle Gin Cys Trp Leu Lys Gly Asp Leu Lys Leu Phe He Cys 
130 135 140 

Tyr Val Glu Ser Leu Phe Lys Asn Leu Phe Arg Asn Tyr Asn Tyr Lys 
145 150 155 160 

Val His Leu Leu Tyr Val Leu Pro Glu Val Leu Glu Asp Ser Pro Leu 
165 170 175 

Val Pro Gin Lys Gly Ser Phe Gin MeC Val His Cys Asn Cys Ser Val 
180 185 190 

His Glu Cys Cys Glu Cys Leu Val Pro Val Pro Thr Ala Lys Leu Asn 
195 200 205 

Asp Thr Leu Leu Mec Cys Leu Lys lie Thr Ser Gly Gly Val He Phe 
210 215 220 

Arg Ser Pro X^u Met Ser Val Gin Pro lie Asn Mec Val Lys Pro Asp 
225 . 230 235 240 

Pro Pro Leu Gly Leu His Met Glu He Thr Asp Asp Gly Asn Leu Lys 
245 250 255 

He Ser Trp Ser Ser Pro Pro Leu Val Pro Phe Pro Leu Gin Tyr Gin 
260 265 270 

Val Lys Tyr Ser Glu Asn Ser Thr Thr Val He Arg Glu Ala Asp Lys 
275 280 285 

He Val Ser Ala Thr S«r Leu Leu Val Asp Ser He Leu Pro Gly Ser 
290 295 300 

Ser Tyr Glu Val Gin Val Arg Oly Lys Arg Leu Asp Gly Pro Gly He 
305 310 315 320 

Trp Ser Asp Trp Ser Thr Pro Aarg Val Phe Thr Thr Gin Asp Val He 
325 330 335 

Tyr Phe Pro Pro Lys He Leu Thr Ser Val Gly Ser Asn Val Ser Phe 
340 345 350 

His Cys He Tyr Lys Lys Glu Asn Lys He Val Pro Ser Lys Glu He 
355 360 365 
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Val Trp Trp Met -Asn Leu Ala Glu Lys lie Pro Gin Ser Gin Tyr Aso 
. 370 375 380 

Val Val Ser Asp Hia Val Ser Lys Val Thr Phe Phe Asn Leu Asn Glu 
385 390 395 400 

Thr Lys Pro Arg Gly Lys Phe Thr Tyr Asp Ala Val Tyr Cys Cys Asn 
405 -415 

Glu His Glu Cys His His Arg Tyr Ala Glu Leu Tyr Val lie Asp Val 
420 425 430 

Asn lie Asn He Ser Cys Glu Thr Asp Gly Tyr Leu Thr Lys Met Thr 
435 440 445 

Cys Arg Trp Ser Thr Ser Thr He Gin Ser Leu Ala Glu Ser Thr Leu 
450 455 460 

Gin Leu Arg Tyr His Arg Ser Ser Leu Tyr Cys Ser Asp lie Pro Ser 
465 470 475 480 

He His Pro He Ser Glu Pro Lys Asp Cys Tyr Leu Gin Ser Asp Gly 
485 490 495 

Phe Tyr Glu Cys He Phe Gin Pro He Phe Leu Leu Ser Gly Tyr Thr 
500 SOS 510 

Met Trp He Arg He Asn His Ser Leu Gly Ser Leu Asp Ser Pro Pro 
515 520 525 

Thr Cys Val Leu Pro Asp Ser Val Val Lys Pro Leu Pro Pro Ser Ser 
530 535 540 

Val Lys Arg Glu He Thr He Asn He Gly Leu Leu Lys He Ser Trp 
550 555 560 

Glu Lys Pro Val Phe Pro Glu Asn Asn Leu Gin Phe Gin He Arg Tyr 
565 570 575 

Gly Leu Ser Gly Lys Glu Val Gin Trp Lys Met Tyr Glu Val Tyr Asp 
590 S85 590 

Arg Lys Ser Lys Ser Val Ser Leu Pro Val Pro Asp Leu Cys Ala Val 
595 SOD 605 

Tyr Ala val Gin Val Arg Cys Lys Arg Leu Asp Gly Leu Gly Tyr Trp 

g20 

Ser Asn Trp Ser Asn Pro Ala Tyr Thr Val Val Met Asp He Lys Val 
^25 630 635 640 

Pro Met Arg Gly Pro Glu Phe Trp Arg He He Asn Oly Asp Thr Met 
€45 650 655 

Lys Lys Glu Lys Asn Val Thr Leu Leu Trp Lys Pro Leu Met Lys Asn 
6«0 665 670 

Asp Ser Leu Cys Ser Val Gin Arg Tyr Val He Asn His His Thr Ser 

680 665 

Cys Ajn Gly Thr Trp Ser Glu Asp Val Oly Asn His Thr Lys Phe Thr 
690 695 700 

Phe Leu Trp Thr Glu Gin Ala His Thr Val Thr Val Leu Ala He Asn 
7;.0 715 720 



Ser He Gly Ala Ser Val Ala Asn Phe Asn Leu Thr Phe Ser Trp 



Pro 
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725 730 735 

Met Ser Lys Val Asn lie Val Gin Ser Leu Ser Ala Tyr Pro Leu Asn 
740 ^45 750 

Ser Ser Cvs Val lie Val Ser Trp He Leu Ser Pro Ser Asp Tyr Lys 
7S5 760 765 

Leu Met Tyr Phe He He Glu Trp Lys Asn Leu Asn Glu Asp Gly Glu 

770 775 780 

He Lys Trp Leu Arg He Ser Ser Ser Val Lys Lys Tyr Tyr He His 
785 790 795 800 

Asp His Phe He Pro He Qlu Lys Tyr Gin Phe Ser Leu Tyr Pro He 
805 810 815 

Phe Met Glu Gly Val Gly Lys Pro Lys He He Asn Ser Phe Thr Gin 
820 825 830 

Asp Asp He Glu Lys His Gin Ser Asp Ala Gly Leu Tyr Val He Val 
835 840 845 

Pro Val He He Ser Ser Ser He Leu Leu Leu Gly Thr Leu Leu He 
850 855 860 

Ser His Gin Arg Met Lys Lys Leu Phe Trp Glu Asp Val Pro Asn Pro 
865 870 875 880 

Lys Asn Cys Ser Trp Ala Gin Gly Pro Asn Phe Gin Lys Lys Met Pro 
885 890 895 



Gly Thr Lys Glu Leu Leu Gly Gly Gly Trp Leu Thr 
900 905 



{2) INFORMATION FOR SEQ ID MO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A} LENGTH: 21 amino acids 
(B) TYPE: amino acid 
<D} TOPOLOGY: linear 

Ui) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



Glu Met Leu Val Lys I^u Arg Pro Thr Ser Cys Ala Pro Ala Leu Pro 

15 . 10 . 15 

Glu Val Cys Thr Met 
20 
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WHAT IB CLAIKEP Tq * 

1. A method for detecting a defective OB-R in cells 
comprising: 

(a) extracting RNA from a cell population; 
5 (b) contacting the RNA with an oligonucleotide 

derived from a portion of the sequence 
depicted in Figure lA-lE; and 

(c) detecting hybridization of the RNA with the 
oligonucleotide. 

10 

2. The method of Claim 1 in which the cell population 
is obtained from the brain. 

3. The method of Claim 1 in which the cell population 
15 is obtained from the lung. 

4. The method of Claim 1 in which the cell population 
is obtained from the kidney. 

2® 5- The method of Claim 1 in which the oligonucleotide 

is derived from nucleotide residue #2770 and beyond in the 
sequence depicted in Figure lA-lE. 

6. A method for treating obesity, comprising 

25 administering to an individual an effective amount of an 
agent capable of inhibiting expression of an OB-R variant 
gene. 

7. The method of Claim 6 in which the OB-R variant 

30 gene further comprises the sequence of Figure lA-lE or which 
is capable of selectively hybridizing to it. 

8. The method of Claim 7 in which the agent is an 
antisense molecule complementary to mRNA encoded by the 

35 sequence of Figure lA-lE. 
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9. The me-thod of Claim 7 in which the agent is a 
ribozyme molecule specific for mRNA encoded by the sequence 
of Figure lA-lE, 

5 10. The nethod of claim 7 in which the agent is a 

triple helix component. 

11. A method for identifying a compound capable of 
supplementing biological activity of leptin, comprising: 
10 (a) incubating host cell expressing an OB-R 

variant with leptin; 

(b) incubating a portion of the leptin- treated 
cells with a test compound; and 

(c) comparinig activation signal in the cells 

15 treated in step (b) with cells treated in step 

(a); 

thereby determining whether the compound augments activation 
of the OB-R variant by leptin. 

20 12. The method of Claim 11 in which the OB-R variant is 

encoded by the sequence depicted in Figure lA-lE. 



25 



30 



35 
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9 IS 27 36 45 54 

GCG CGC GCG ACQ CAG GTG CCC GAG CCC CGG CCC GCG CCC ATC TCT GCC TTC GCT 



63 72 81 90 99 108 

CGA GTT GGA CCC COG GAT CAA GGT GTA CTT CTC TGA AST AAQ AIG ATT TGT CAA 

R„VG P R DQGVLI** SKM ICQ 

117 126 135 144 153 162 

AAA TTC TOP GTQ GTT TTG TTA CAT TOO GAA TTT ATT TAT GTO ATA ACT GOO TTT 

K P C V V L L H W E P i V v I T A*p" 

171 180 189 198 207 216 

AAC TTG TCA TAT CCA ATT ACT CCT TOO AGA TTT AAO TTO TCT TGC ATG CCA CCA 



WRFKLSC.H 



225 234 243 252 261 270 

AAT TCA ACC TAT GAC TAC TTC CTT TTG CCT GCT GGA CIC TCA AAG AAT ACT TCA 

N S T Y OYFti LPAGLSK N TS 

279 288 297 306 315 324 

AAT TCG AAT GGA CAT TAT GAG ACA GCT GTT GAA CCT AAG TTT AAT TCA AGT GOT 

N S N O HYETAVE PK FN SS G 

333 342 351 360 369 378 

ACT CAC TTT TCT AAC TTA TCC AAA GCA ACT TTC CAC TOT TGC TTT CGG AGT GAG 

H t S M LSKA TFKCC F RSE 

387 396 . 405 414 423 432 

CAA GAT AGA AAC TGC TOC TTA TGT GCA GAC AAC ATT GAA GGA AGO ACA TTT OTP 

QDRN CStiCADNIE G R T F V 

■ 441 450 459 468 477 486 

TCA ACA GTA AAT TCT TtA GTT TTT CAA CAA ATA GAT OCA AAC TOO AAC ATA CAO 

STVN SUVFQQIDANWNIQ 

495 504 513 522 531 , 540 

TOC TOG CTA AAA GGA GAC TTA AAA TtA TPC ATC TGT TAT GTG GAG TCA TtA TTP 

C W L K G DLKI-F ICYVE SLF* 

549 558 567 576 585 594 

AAG AAT CTA' TTC AGO AAT TAT AAC TAT AAO GTC CAT CTT TTA TAT GTT CTO CCT 

KN L F RNYNYKVHLLY VLp' 

603 612 621 630 639 648 

GAA GTO TTA GAA GAT TCA CCT CTO GTT CCC CAA AAA GOC ACT TTT CAG ATG GTT 

SVL, E OSPLVPQ.KGSF QHV 
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657 655 675 684 693 702 

CAC TGC AAT TGC ACT OTP CAT GAA TGT TGT GAA TGT CTT GTG CCT GTG CCA ACA 

HC M C S V.HECCECLVP VPt 

7 IX 720 729 738 747 756 

GCC AAA. CTC AAC GAC ACT CTC CTT ATG TGT TTO AAA ATC ACA. TCT GGT GGA GTA 

AKLNDTLLMCLKITSGGV 

765 774 783 7» 801 810 

ATT TTC CGG TCA CCT CTX ATO TCA.CTT CAO CCC AtA AAT ATO GTO AAG OCT GM 

I F R S PLM SVQ P IN M V KP D 

819 838 837 846 855 864 

OCA CCA TXA GGT TTQ C&T ATO GAA AIC ACA OAT GIT GGT AAT TOL AAQ ATT TC7 

P P I* *G LKMEITDDG Nt.KlS- 

873 882 891 900 9 0 9 918 

TOG TCC AOC OCA CCA TTO OTA CCA TTT CCA CTT CAA TAT CAA GTG AAA TAT TCA 

WS 5 PPLVPFPLOY QV KYS 

927 936 945 954 963 972 

GAG AAT TCT ACA ACA CTT ATC AGA GAA OCT GAC AAO ATT GTC TCA GCT ACA TOC 

E N S TTVIREAO KI V S A TS 

981 990 999 1008 10X7 1026 

CTG CTA GTA GAC AST ASA CTT OCT GOG TCT TOG TAT GAG GTT CAG GTG AGO GGC 



1035 1044 1053 1062 1071 1080 

AAQ AGA CTG GAT GGC OCA GGA ATC TOG AGT GAC TGG ACT ACT GCT CCT GTC TTT 

K R L OGPGIWS PWST P RVF 

1089 1098 U07 1116 1125 1134 

ACC ACA CAA GAT OtC ATA TAC TTT CCA OCT AAA ATT CTG AOV ACT GTT GOG TCT - 

TTQ D.VIYFPPKILTSVGS 

1143 U52 U61 U70 1179 1188 

AAT GTT TCT TTT CAC TOC ATC TAT AAG AAG GAA AAC AAG ATT GTT CCC TCA AAA 

NV S FHCXVKKENKIVPSK 

1197 1206 1115 1224 1233 1242 

GAC ATT GTT TGG TGO ATO AAT TTA OCT GAG AAA ATT OCT CAA AOC CAG TAT GAT 

E I V WWMNLAE K'XPO S QYD 

1251 U60 1269 1278 1287 1296 

GTT GTG AGT GAT CAT GIT AGC AAA GTT ACT TIT TTC AAT CTG AAT GAA ACC AAA 

VV S DHV SK VTFFNL MSTK 

1305 1314 1323 1332 1341 USO 

CCT CGA GGA AAG TTT AOC TAT GAT GCA GTG TAC TOC TGC AAT GAA CAT GAA TGC 

PRC KFTYDAVYCCNEK. EC 
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CXT CXT^^I^ n.*^ ^^^^ 1404 

™ „ - ZtZ ^ ™ TAT GTG ATT GAT GTC AAT ATC AAT ATC TCA TCT 

" ^ ^ A E ' L Y V I D V N I N l' ~s' *c' 

ri^^ , 1^ 1431 1440 1449 usa 

I_ «I ^ TACTIXACTAAAATGACTTGCAGATGGTCA ACC ACT ACA ATC 

S T D G Y L T K M T C R W S T s" "t* "l* 

ny-*^i52 ^^''^ 1^85 1494 1503 isi2 

lr« rH ^ ACT TT3 CAA TP3 AGG TAX CAT ACG AGC AflC CTT TAC 

OS C.ABSTLQLRyH RS*s""ir"Y* 

^5 1548 1557 is&fi 

!^™??f^ff^3!^*"^°°C^'»^^^^^<»Tr^ TAT TO 

C S o r P SI K P I S E P K D ^c""Y""ir 

ran xr^^^Z£ . ^3 1^02 1611 1620 

~- ™ TTTTKPGAATOCATTTrCCAOCCAATCTPC CCA CTA TCT OQC 

^ ^ O <5 FYEC I F Q P I F^'tT'tTTT" 

TAC Ar^^f52 1647 1656 1665 1574 

™ -T. ^^3? 3?? ATT AOO ATC AAT CAC TCT CTA OT TCA CTT GAC TCT CCA OCA 

^ T M W X R i N H S L G S l' 'o s" "p* T 

ana ^^SS2 - 1^52 1701 1710 1719 173a 

~ ~ 515 511 CCTOTPTCTGTOGrOAAacCACrGCCrcCA. TCCACT GTO AAA 
*^ C V t. PDSVV XP UP p S S* ~v" T 

GCA GAA ATT ACT A^ AAC ATT GGA TTA TTQ AAA ATA TCT TGG GAA AAG CCA GTC 

^ * ^ *r I » I C I. L K IS W "e" "k' 'p" 'v* 

P E N . H t. Q 'p Q I "r r "o "l "s~ "a 'k T 



W K M Y E 



K 



^ OTT cS OAC TTO^ G» GTC*^ OCT OTT^ OTO CGC^toI AAO AOQ^Sjl 
P V P o L c"a V Y "a v" q' Vr" T T T T 

I^f H iff ti!'^ ^ I^f <^ CXC 

D G L G y „ s H W S m" P A "y" "t "v" "v" "JT 

5^ t^t ™ 55^^^ ^ GGA^CCT GAA TTT^TO AGA ATA^aS AAT GGA^St 

D ^ K V P M R G P E F W R I X n' "g" 
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2061 2070 2079 2088 2097 2106 

ACT ATG AAA AAG GAG AAA AAT GTC ACT TTA CTT TOG AAA CCC CTG ATG AAA AAT 

TMK KEK NVTLt-WK PUMKN 

2115 2124 2133 2142 2151 2160 

GAC TCA TTG TGC ACT GTT CAG AGA TAT GTO ATA AAC CAT CAT ACT TCC TOC AAT 

DSL CSVQ RY V IHHHT SCN 

2169 2178 2187 2196 2205 2214 

OQA ACA TOQ TCX QAX GAT GTG GG21 AAT CAC AOS AAA TTC ACT TTC CTG TC3G ACA. 

GTW SE DVGMHTKF TF LWT 

2223 2232 2241 2250 2259 2268 

GAO CAA GOW CAT ACT GTT ACQ GTT CIG GOC-ATC AMP TCA ATT GOT GOT TCT OXT 

EQA HTVTVLAINSIGASV 

2277 2286 2295 2304 2313 2322 

GCA AAT TTT AAT TTA ADC TTT TCA TOO OCT ATO AOC AAA GTA AAT ATC GIG CAO 

XM F MLT FSWPMSKVN IV Q 

2331 2340 2349 2358 2367 2376 

TCA CTC ACT GCT TAT OCT TTA AAC AOC ACT TGT GTG ATT GTT TCC TOG ATA CTA 

S L S A Y P L N S S C V I V S W I L 

2385 2394 2403 2412 242X 2430 

TCA CCC ACT CSAT TAC AAG CTA ATG TAT TIT ATT ATT GAG TOQ AAA AAT CTT AAT 

S P S D ™ K "lT K Y P I I B W K M L N 

2439 2448 2457 2466 2475 24*84 

QAA GAT GGT GAA ATA AAA TOG CTT AGA ATC TCT TCA TCT GTT AAG AAC TAT, TAT 

E D G E I K W L R I S S S V K K Y Y 

2493 2502 2511 2520 2529 2538 

ATC CAT GAT CAT TTT ATC CCC AIT GAO AAG TAC CAO TTC AGT CTT TAC OCA ATA - 

I H D K .f"x" p1 E K Y Q F S L Y P I 

2547 2556 2565 2574 2583 2592 

TTT ATG GAA QGA GTO OGA AAA OCA AAG ATA ATT AAT AGT TTC ACT OVA GW GU 

FME GVGK PKIXNSFTQOD 

2601 2610 2619 2628 2637 2646 

ATT GAA AAA CAC CAO AGT GAT OCA GGT TTA TAT GTA ATT GTO CCA GTA ATT ATT 



2655 2664 2673 -2682 2691 2700 

TCC TCT TOC ATC TTA TTC CTT GGA ACA TTA TTA ATA TCA CAC CAA AGA ATC AAA 

SS S I LLLGTLLISHQ RMK 

2709 2718 2727 2736 2745 . 2754 

AAG CTA TTT TOG GAA GAT GTT CCC AAC CCC AAC AAT TGT TCC TOC OCA CAA GGA 

KLF WEDVP-NP KNCSMA QG 
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2763 2772 2781 2790 2799 2809 

™ ttl '"^ ^ AAA ATG CCT GOC ACA AAO GAA CTA ClXS OGT GC3A OCT TOG 

LNFQ KKtipGTK ElLGG g'^vT 

2817 2826 2833 2844 2853 a8€2 

™ ^CT TAG GAA ATG CTTCTOAAGCTACCTCCTACCTCGTOCOCA CCT OCT dC 

T ^ z mlvjci.rptscapa'*l* 

2871 2880 
CCT GAG GTG TGC ACA ATO 3 ' 

P E V c T M 



